Peridotites and different types of eclogites occurring in the Monte Duria area (Adula-Cima Lunga unit, Central Alps, Italy) share a common eclogite-facies peak at P ¼ 2Á6-3Á0 GPa and T ¼ 710-750 C, constrained by conventional thermobarometry and thermodynamic modelling. High-pressure minerals are replaced both in peridotites and in eclogites by lower-P and high-T assemblages. In peridotites, the zirconium titanate srilankite occurs as micrometre-sized crystals in textural equilibrium with spinel, clinopyroxene and orthopyroxene in kelyphites developed between garnet and olivine. By using a new ZrO 2 -TiO 2 solid-solution model, we provide evidence that srilankite is stable in peridotites relative to zircon þ rutile for T > 810 C at an assumed P % 0Á9 GPa, consistent with estimates of T % 850 C (at assumed P ¼ 0Á9 GPa) determined for symplectites made of sapphirine þ spinel þ Al-rich orthopyroxene þ amphibole found in fractures within garnet. In eclogites, kyanite is replaced by symplectites made of anorthite-rich plagioclase þ spinel 6 sapphirine 6 corundum, formed at T % 850 C and P ¼ 0Á8-1Á0 GPa, conditions that are coincident with the high-T overprint observed in the peridotites. Thermodynamic modelling coupled with a material-transfer study provides constraints for these sapphirine-bearing symplectites. In these micro-domains, the 'inert' components could not fully equilibrate with the surrounding rock, and the locally high Al content promoted the stability of the Al-rich phases (i.e. mosaic equilibrium). This is the first report from the Alps of eclogite-facies rocks of supposed Alpine age showing a granulite-facies metamorphic overprint, which is, in contrast, well documented in the Variscan belt. On these grounds, although the age of the high-pressure and hightemperature stages in the Monte Duria rocks is still not constrained, the possibility that they reached eclogitic and granulitic conditions in pre-Alpine times should be taken into account.
INTRODUCTION
Outcrops of eclogite-facies rocks showing a granulitefacies overprint are restricted to only a few localities worldwide. These rocks often show spectacular examples of metamorphic reactions, where relicts of high-pressure (HP) minerals are partially replaced by symplectite micro-domain and the surrounding rock caused by variable element mobility and the opening of the system (e.g. Keller et al., 2006 Keller et al., , 2007 . Nevertheless, their understanding can provide unrivalled records of the transition between eclogite and granulite facies.
Spinel þ orthopyroxene þ clinopyroxene symplectites (kelyphites) surrounding HP garnet in deep mantle peridotites are relatively common and similar, resulting from the retrograde reaction between garnet and olivine (e.g. Godard & Martin, 2000) . In the Alps, examples can be found in garnet peridotites from the Central Alps (Adula-Cima Lunga unit) and the Eastern Alps (Ulten zone; see review by Morten & Trommsdorff, 2003) .
HT overprinting in eclogites can lead to complex assemblages, varying as a function of the bulk chemistry and the availability of fluids. In kyanite-bearing eclogites, spinel 6 sapphirine 6 corundum symplectites have been described in different granulite terranes from the Precambrian to the Caledonides and the Variscides (Johansson & Mö ller, 1986; Carswell et al., 1989; Liati & Seidel, 1996; O'Brien, 1997; Godard & Mabit, 1998; Mö ller, 1999; Baldwin et al., 2007) .
Here we present an integrated approach to study the HT overprint on garnet peridotites and different types of eclogites cropping out in the Duria area in the southern part of the Adula nappe in the Central Alps. In particular, we focused on the following: (1) Zr-bearing kelyphites containing the zirconium titanate srilankite (ZrTi 2 O 6 ); (2) sapphirine-bearing symplectites replacing garnet in peridotite; (3) sapphirine 6 corundum-bearing symplectites replacing kyanite in eclogites. Thermodynamic modelling of Zr-bearing symplectites in peridotites has been accomplished by developing a new binary solution model between ZrO 2 (baddeleyite) and TiO 2 (rutile) with the intermediate compound srilankite, calibrated against published experimental data at HP conditions. A material-transfer study has been performed by calculating P-T-X phase diagrams to assess the stability of sapphirine in symplectites replacing garnet (in peridotite) and kyanite (in eclogite). The integration of conventional thermobarometry, thermodynamic modelling and material-transfer study allowed us to retrieve the petrological processes that occurred in these rocks from the eclogite-to the granulite-facies transition, and to provide new P-T estimates of the eclogite-facies peak and the granulite-facies metamorphic overprint, which are discussed in the framework of the pre-Alpine and Alpine metamorphism of this polycyclic basement.
GEOLOGICAL SETTING
The Adula-Cima Lunga nappe complex is located on the eastern flank of the Lepontine Dome ( Fig. 1 ) and represents the highest portion of the Sub-Penninic units of the Central Alps (e.g. Milnes, 1974; Schmid et al., 1996) . Its position in the Central Alps is located between the nappe stack formed by the Leventina-Lucomagno and Simano units at the bottom and the Middle Penninic units (Maggia, Tambo, Suretta; Fig. 1 ) at the top.
The contact with the Middle Penninic nappes occurs along the Misox Zone, a thin unit composed of metasediments, mid-ocean ridge basalt (MORB)-derived amphibolites and slivers of continental basement (Steinmann & Stille, 1999; Stucki et al., 2003) . The lower contact of the Adula nappe is somewhat less well defined owing to lithological similarities to the Simano gneiss and the Tertiary high-grade metamorphism of the Lepontine Dome that overprinted existing tectonic structures (Nagel, 2008) . To the south, a lithologically heterogeneous east-west-trending zone, the Southern Steep Belt or Bellinzona-Dascio Zone (Schmid et al., 1996) , is interposed between the Adula nappe and the western end of the Bergell pluton (Fig. 1) . To the east, the Gruf Complex, considered part of the Adula nappe , is separated from the main units of the nappe complex by the Forcola normal fault (Ciancaleoni & Marquer, 2006) . It is worth noting here that the interpretation of the Gruf Complex as pertaining to the Adula nappe has been recently challenged by Galli et al. (2013) , who suggested a pre-Alpine history for this complex.
The Adula nappe largely consists of orthogneiss and paragneiss of pre-Mesozoic origin (Frey & Ferreiro-Mä hlmann, 1999; Liati et al., 2009; Rubatto et al., 2009) , variably retrogressed eclogites preserved as boudins within paragneiss, minor ultramafic bodies and metasedimentary rocks of presumed Mesozoic age (Galster et al., 2012) , the last chiefly preserved in the middle and northern domains of the nappe.
Paleogeographical reconstructions locate the Adula nappe in the former distal European margin (Schmid et al., 1990) , to the north of the North Penninic Ocean, which opened at the end of the Jurassic and later closed during the Late Cretaceous-Eocene phase of convergence between Europe and Africa-Adria (Dewey et al., 1989) .
During the Tertiary Alpine orogenic cycle, the Adula nappe and the crustal slivers that now constitute the Southern Steep Belt were subducted to mantle depths (Evans & Trommsdorff, 1978; Heinrich, 1986; Becker, 1993; Gebauer, 1996) . Metamorphic conditions at peak pressure are found to increase southward, from %1Á7 GPa and %650 C in the north to 2Á5-3Á0 GPa and %750 C in the south (Dale & Holland, 2003; Brouwer et al., 2005) .
Even more extreme conditions have been estimated for the peridotite and meta-peridotite lenses that occur at the southern, western and eastern margins of the nappe (Fumasoli, 1974; Pfiffner & Trommsdorff, 1998) . Garnet lherzolite bodies crop out at three localities; these are, from west to east, Cima di Gagnone, Alpe Arami and Monte Duria (Fig. 1) . Such mantle-derived rocks equilibrated at P % 3 GPa and T ¼ 800-850 C (e.g. Nimis & Trommsdorff, 2001; Hermann et al., 2006) .
An older HP event of Variscan age Herwartz et al., 2011) is rarely preserved within eclogitic boudins of the central and northern sector of the Adula nappe.
After the partial subduction of the European distal margin beneath the Adria margin, the HP rocks of the Adula nappe and the Southern Steep Belt were overprinted by upper amphibolite-facies metamorphism (Wenk, 1970; Todd & Engi, 1997) , which postdates the main phase of nappe-stacking. In the southern sector of the Lepontine Dome, adjacent to the Insubric Fault ( Fig. 1) , metamorphic conditions promoted extensive migmatization of both metasedimentary and metagranitoid rocks ('Migmatite belt'; Burri et al., 2005) . Partial melting occurred between 32 and 22 Ma (Rubatto et al., 2009) and was promoted essentially by fluid-present processes (Berger et al., 2008) , whereas fluid-absent melting of white mica was restricted to a narrow zone between Bellinzona and Lake Como (Fig. 1 ) in the Adula nappe and the Southern Steep Belt .
Field aspects of peridotites and hosting crustal rocks
Two sites of the Monte Duria area have been investigated in detail: (1) the outcrop of Borgo and (2) outcrops within sight of Monte Duria (Figs 1 and 2 ; coordinates are given in Supplementary Data Table S4 ; supplementary data are available for downloading at http://www. petrology.oxfordjournals.org).
At Borgo (Fig. 2) , a kilometre-sized peridotite body is in contact with amphibole-bearing migmatites with preserved boudins of mafic eclogite. The peridotite body and its mafic rim are hosted within migmatitic gneisses, like those hosting peridotites at Monte Duria (Fig. 2) . In the peridotite body, garnet was not observed, but rounded chlorite-rich pseudomorphs that probably formed after garnet porphyroclasts are abundant; millimetre-to centimetre-sized garnet (up to 3 cm), often partially replaced by chlorite and/or kelyphite, has been found in nearby loose blocks downstream in the Rio Ledù stream bed (Fig. 3a) . In the Borgo body, compositional layering marked by chlorite-rich and chloritepoor layers represents the main fabric element at the mesoscale (Fig. 3b) . Such layering is locally transposed by a second foliation marked by chlorite. The contact between the peridotite and hosting crustal rocks is characterized by the occurrence of a decimetre-thick metasomatic rim rich in amphibole and phlogopite. Lenses rich in amphibole and phlogopite have been also found as centimetre-sized boudins embedded in the surrounding mafic rocks (Fig. 2) . A phlogopite-rich pegmatite intruded the peridotite-mafic rocks contact and is folded together with chlorite-defined foliation in the peridotite and the main foliation of the hosting mafic Todd & Engi (1997) and Burri et al. (2005) , respectively. (b) Detailed geological scheme of the Duria area with the locations of Monte Duria and Borgo outcrops. Main geological features are modified from Berger et al. (2005) . At, Antigorio; Gt, Gotthard massif; Mg, Maggia; Sm, Simano; L-L, Leventina-Lucomagno; Tb, Tambo; Su, Suretta; SSB, Southern Steep Belt.
gneiss. The heterogeneous rock association constituting the rim of the peridotite body consists chiefly of amphibole-bearing migmatitic gneiss (AG in Fig. 2 ) with boudins of eclogite (Figs 2 and 3c, d) that show differences in terms of their mineralogy and deformation intensity. Fine-grained, partially retrogressed, dark green eclogites (ME in Fig. 2 ) occur as boudins (decimetres to metres in size, Fig. 3c ) included in AG gneisses. A second type of eclogite occurs in larger, light green-coloured boudins (Figs 2 and 3d) . The contact between the second type of eclogite (E in Fig. 2 ) and the surrounding AG gneisses is locally marked by millimetre-sized layers ( Fig. 3e ; HAE in Fig. 2 ) in which centimetre-sized crystals of emerald-green zoisite surrounded by reddish coronae have been found (Fig. 3f) .
On the southernmost ridge of Monte Duria, about 250 m from the summit (Fig. 1) , several scattered peridotite bodies (Fig. 3g ) occur within migmatitic gneisses (Fumasoli, 1974) . Peridotites are often garnet bearing, although garnet (millimetre-to centimetre-sized) is invariably surrounded by kelyphites (Fig. 3h ) and often fully replaced by pseudomorphic assemblages (Fig. 3a) . Orthopyroxene (opx) and emerald-green clinopyroxene (cpx) occur often as millimetre-to centimetre-sized porphyroclasts in an oriented dark fine-grained olivine matrix. Garnet-bearing clinopyroxenite veins locally cut these peridotite bodies. The peridotite lenses commonly display a strongly foliated rim ( Fig. 3b and g ), with a chlorite foliation parallel to the main foliation of hosting gneisses and a core where compositional layering with garnet-rich and garnet-poor horizons occurs.
MATERIALS AND METHODS
Major element whole-rock analyses were performed by inductively coupled plasma mass spectrometry (ICP-MS) and LECO combustion analysis (total C, S) (Bureau Veritas ACME Mineral Laboratories, Canada). Bulk-rock chemistry (Table 1) has been evaluated by using bivariate plots (Supplementary Data Fig. S1 ) and principal component analysis (Supplementary Data Fig. S2 ).
Quantitative analyses of minerals were performed using a JEOL 8200 wavelength-dispersive (WDS) electron microprobe (EMP), at 15 kV accelerating potential, 5 nA sample current and 1 lm beam diameter. Standards used were omphacite (Na), grossular (Ca, Al and Si), fayalite (Fe), olivine (Mg), orthoclase (K), rhodonite (Mn), ilmenite (Ti), niccolite (Ni), pure Cr (Cr) and zircon (Zr, Hf). A counting time of 30 s was used for all elements. Zr in rutile was measured using a 15 kV accelerating potential and a 100 nA sample current, with a counting time of 300 s (150 s for background). Hf in micrometre-sized zircon, srilankite and baddeleyite in peridotite was measured at 15 kV accelerating potential and a 5 nA sample current (15 nA for larger zircon crystals in eclogite), with a counting time of 300 s (150 s for background). The Fe 3þ /Fe TOT ratio in minerals reported in Tables 2 and 3 was calculated by stoichiometry and charge balance. Cathodoluminescence images of quartz were collected at 15 kV accelerating potential and a 100 nA sample current.
Thermodynamic modelling was performed with the software package Perple_X (http://www.perplex.ethz.ch; Connolly, 2005) , using the thermodynamic database of Fig. 2 . Map of the Borgo outcrop along the Ledù stream. AG, amphibole-bearing migmatitic gneiss; E, kyanite eclogites; HAE, highAl 2 O 3 rim between kyanite eclogites and the hosting amphibole-bearing migmatitic gneiss; ME, mafic eclogites; MG, migmatitic gneiss; OGN, orthogneiss; PDT, retrogressed garnet peridotite. (See text for details) Fig. 3 . Field aspect of peridotite lenses at Borgo (a-f) and Monte Duria (g, h). (a) Loose block of partially retrogressed garnet peridotite downstream of the Borgo outcrop; (b) compositional layering comprising garnet-rich and garnet-poor layers in the Borgo peridotite; a pervasive chlorite-defined foliation overprinting the layering occurs within 4-5 m from the contact with hosting crustal rocks; (c) a boudin of mafic eclogite (ME) within amphibole-bearing migmatitic gneiss (AG); (d) a large (c. 7 m Â 5 m) boudin of kyanite eclogite (E); (e) detail of the contact between kyanite eclogite and hosting gneiss with a red-to pink-coloured Al 2 O 3 -rich rim (HAE); (f) emerald green zoisite crystal within the HAE rim; (g) peridotite lens on the SE ridge of Monte Duria (L. Pellegrino for scale); garnet porphyroclasts are preserved only at cores, whereas a chlorite foliation, associated with retrogression in the spinel stability field, occurs on the outer rim; (h) detail of anhedral to sub-euhedral garnet porphyroclasts with dark-coloured thin kelyphitic rims. Holland & Powell (1998 ) revised in 2002 , and the following solution models described by Holland & Powell (1998) (HP), Diener & Powell (2012) (GHP2), Holland & Powell (2003) (I1, HP) and Dale et al. (2000) (DHP): Gt(HP) for garnet, Opx(HP) for orthopyroxene, O(HP) for olivine, Cpx(HP) for clinopyroxene, Chl(HP) for chlorite, Sp(HP) for spinel, Pheng(HP) for white mica, Sapp(HP) for sapphirine, Omph(GHP2) for omphacite, Pl(I1, HP) for ternary feldspars, Amph(DHP) for amphibole. The water equation of state was taken from Holland & Powell (1998) . Thermodynamic modelling of Zr-bearing systems was accomplished first by creating the ordered srilankite end-member as a linear combination of two-thirds rutile (TiO 2 ) and one-third baddeleyite (ZrO 2 ), correcting the Gibbs free energy of formation according to Cancarevic et al. (2006) (see 'make definitions for srilankite' in Supplementary Data Table S3 ). The baddeleyite-srilankite-rutile solution model was then calibrated against the experimental data of and Tomkins et al. (2007) at 2 GPa and 800-1200 C. Retrieved activity-composition relations are expressed according to the van Laar formulation (Holland & Powell, 2003) , which allows description of asymmetrical miscibility gaps. Other details of the solid-solution model are provided in the Appendix.
PETROGRAPHY, BULK-ROCK CHEMISTRY AND MINERAL CHEMISTRY OF DURIA ROCKS

Garnet peridotites
Garnet-bearing peridotites from the Duria area have been sampled from (1) one of the several migmatitehosted boudins occurring close to Monte Duria (A2C2, MD20 and MD25 in Tables 1-3 and Supplementary Data  Table S4 ), and (2) loose blocks found downstream in the Rio Ledù stream bed cutting the Borgo outcrop (B1 and B3A in Tables 1-3 and Supplementary Data Table  S4 ). Borgo peridotites are indistinguishable from the peridotite of Monte Duria in terms of microstructure, mineral chemistry and bulk-rock chemistry; the last is similar to that of the average depleted mantle (e.g. Salters & Stracke, 2004; Supplementary Data Fig. S1 ). Slight variations in SiO 2 , CaO and Al 2 O 3 (Table 1) are inferred mostly to be due to differences in the modal proportions of garnet and pyroxenes.
Garnet-bearing peridotites are composed of more than 90 vol. % of polygonal olivine (100-200 lm), which is partially serpentinized, especially along late fractures (Fig. 4a-c) . The occurrence of serpentine accounts for the relatively high bulk loss on ignition (LOI) ( Table 1) . (Table 2) , comparable with the bulk-rock XMg ¼ 0Á90. Minor phases are clinopyroxene, orthopyroxene, garnet, spinel, amphibole and accessory ilmenite, pyrrhotite and pentlandite. In sample A2C2, we observed tiny crystals ($1 lm) of srilankite (Zr 0Á33 Ti 0Á66 O 2 ) in double coronas formed at the contact between olivine and garnet (Fig. 5a ). Srilankite occurs both in the orthopyroxene coronae replacing former olivine ( Fig. 5b ) and in orthopyroxene þ clinopyroxene þ spinel kelyphites replacing garnet (Fig. 5d ). In this latter intergrowth, we found also a few crystals of zircon and baddeleyite (Zr 0Á99 Ti 0Á01 O 2 ) ( Fig. 5c-f ). The Hf content in zircon, srilankite and baddeleyite is highly variable (Table 4) Garnet occurs as porphyroclasts of variable size up to 3 cm (Figs 4a, c and 6a) . It is only slightly zoned from core to rim (Supplementary Data Fig. S3 ), displaying an B1  B3A A2C2  D4  D6  D3  B5  D1  D8  D9  D2  D5   SiO 2  48Á03 45Á66 43Á45  48Á02  48Á96  49Á74  51Á17  49Á47  49Á55  51Á04  48Á64  49Á24  Al 2 O 3  2Á28  2Á67  3Á05  14Á61  15Á50  17Á21  16Á11  20Á76  20Á83  18Á63  17Á90  17Á86  FeO*  7Á50  7Á21  7Á86  9Á53  10Á66  6Á32  5Á98  3Á48  3Á39  3Á23  3Á91  4Á22  MgO  37Á62 36Á68 38Á58  9Á88  9Á40  9Á55  9Á85  8Á41  8Á23  8Á91  11Á47  10Á56  CaO  2Á08  2Á16  2Á52  11Á29  9Á57  11Á78  11Á52  13Á12  13Á01  11Á67  13Á08  13Á24  Na 2 O  0 Á10  0Á14  0Á21  2Á09  2Á01  2Á56  3Á03  2Á90  2Á84  3Á20  1Á92  2Á06  K 2 O  b.d.l.  0Á06  0Á01  0Á30  0Á27  0Á35  0Á26  0Á22  0Á30  1Á21  0Á23  0Á25  TiO 2  0Á05  0Á05  0Á12  1Á44  1Á65  0Á60  0Á54  0Á16  0Á16  0Á19  0Á26  0Á25  P MnO  0Á12  0Á12  0Á13  0Á18  0Á19  0Á12  0Á13  0Á07  0Á07  0Á06  0Á08  0Á09  Cr 2 O 3  0Á38  0Á37  0Á41  0Á05  0Á05  0Á08  0Á07  0Á08  0Á08  0Á12  0Á20  0Á16  LOI  0Á10  3Á20  2Á40  1Á10  0Á20  0Á70  0Á40  0Á70  1Á00  1Á10  1Á60  1Á30  Sum  98Á27 98Á32 98Á74  98Á68  98Á56  99Á05  99Á07  99Á37  99Á46  99Á36  99Á30  99Á23  CO 2 b
*Total iron. LOI, loss on ignition. XMg ¼ MgO/(FeO þ MgO), molar ratio. b.d.l., below detection limit. All rocks were sampled at the outcrop of Borgo, with the exception of garnet peridotites A2C2 sampled at Monte Duria (Figs 1 and 2 ). Analytical details are given in the Materials and Methods section. n.a.
n.a. Analytical details are given in the Materials and Methods section. b.d.l., below detection limit; n.a., not analysed. Sp Sym2
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Pl Sym3 , close to the sapphirine end-member (7:9:3). Clinopyroxene, orthopyroxene, spinel and amphibole occur as millimetre-to centimetre-sized porphyroclasts, found both in the matrix (Figs 4b and 6a) , included in garnet, and in coronae surrounding garnet (Figs 4c and 6a ). Porphyroclastic clinopyroxene is Fig. 5 . Back-scattered electron images of Zr-bearing minerals observed in symplectites (peridotite sample A2C2): (a) overview of a composite corona forming between garnet (gt) and olivine (ol); (b) detail of the orthopyroxene corona (olivine side) containing srilankite; (c) detail of the symplectitic orthopyroxene þ clinopyroxene þ spinel corona (garnet side) containing baddeleyite and zircon in textural equilibrium with spinel and orthopyroxene; (d) detail of the contact between the inner and the outer coronae, containing srilankite in textural equilibrium with spinel and orthopyroxene; (e) overview of a composite corona containing baddeleyite; (f) detail of the baddeleyite occurrence in the symplectite, in textural equilibrium with orthopyroxene. Opx1, HP orthopyroxene; Opx2, HT orthopyroxene. diopside-rich with XMg ¼ 0Á95, Cr up to 0Á04 a.p.f.u. and a jadeite content up to 7 mol %. Clinopyroxene in kelyphite displays negligible jadeite contents and higher Al (0Á018 a.p.f.u.). In sample B3, micrometre-sized inclusions of edenitic amphibole (XMg ¼ 0Á94) and dolomite (Ca 1Á01 Mg 0Á94 Fe 0Á05 ) (CO 3 ) 2 have been observed in clinopyroxene porphyroclasts. Porphyroclastic orthopyroxene is enstatite rich (XMg ¼ 0Á92) and Al poor (0Á03 a.p.f.u.), whereas orthopyroxene in the kelyphitic assemblage becomes richer in Fe (XMg ¼ 0Á89-0Á92) and Al (up to 0Á08 a.p.f.u. in sapphirine-free symplectites; up to 0Á20 a.p.f.u. in sapphirine-bearing symplectites) ( Table 2) .
Primary spinel occurs both as porphyroclasts in the matrix (Fig. 6a ) and rarely included in garnet. Often, former spinel inclusions in garnet are now embedded in kelyphites, which contain a second generation of spinel forming vermicular intergrowths with orthopyroxene and clinopyroxene. Spinel composition shows dramatic variations; spinel porphyroclasts and inclusions are rich in Fe (XMg ¼ 0Á47) and Cr [Cr/(Al þ Cr) ¼ 0Á56], especially at the core, whereas symplectitic spinel and rims of spinel porphyroclasts are Fe-poor (XMg ¼ 0Á76-0Á84) and Cr-poor [Cr/(Al þ Cr) ¼ 0Á04] (Supplementary Data Fig. S3b) .
Amphibole porphyroclasts are pargasitic to edenitic in composition, whereas kelyphitic amphibole is tschermakite to magnesiohornblende. In sample B3A, we observed a late generation of kelyphitic intergrowth composed of chlorite, anthophyllite and phlogopite.
Eclogites
Eclogites were sampled systematically in the Borgo outcrop, where these rocks are in contact with peridotites (Figs 2 and 3) . They have been classified on the basis of their bulk-rock chemistry (Table 1) and petrographic features, as described below. Overall, the Borgo samples show variable XMg (0Á61-0Á84), SiO 2 (48Á02-51Á17 wt %), Al 2 O 3 (14Á61-20Á83 wt %), CaO (9Á57-13Á24 wt %), Na 2 O (1Á92-3Á20 wt %), TiO 2 (0Á16-1Á65 wt %) and K 2 O (0Á22-1Á21 wt %) (Supplementary Data Fig. S1 ). The composition of the Borgo eclogites is broadly comparable with that of average gabbro (Le Maitre, 1976) , layered midocean-ridge gabbros (Gillis et al., 2014) , ophiolitic gabbros from the Western Alps (e.g. Allalin gabbro, Bucher & Grapes, 2009 ) and, in particular for samples D4 and D6, normal (N)-MORB (White & Klein, 2014) ( Supplementary Data Fig. S1 ). A more detailed geochemical characterization of these rocks is beyond the purpose of this study and will be reported elsewhere. For the purposes of this study groups of rocks showing similar element correlations have been identified by applying principal component analysis (PCA) (Supplementary Data Fig. S2 ). Among eclogites, PCA 
Total 2Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 1Á00 2Á00 2Á00
Variable contents in SiO 2 , Al 2 O 3 , CaO, FeO, MgO in sample A2C2 reflect mixed analyses owing to the micrometric size of the minerals (see Fig. 5 ). n.a., not analysed.
distinguishes the following: (1) kyanite eclogites (E), samples D3 and B5, showing an average content for all elements; (2) mafic eclogites (ME), samples D6 and D4, showing the highest contents in Fe, Ti, P and Mn (dark green in the field); (3) high-Al kyanite eclogites (HAE), samples D1, D8 and D9, showing the highest contents in Al, Si, Na and K; (4) amphibole-bearing migmatitic gneisses (AG), samples D5 and D2, having the highest contents of Ca and Cr. The mineralogy and petrography of these lithotypes is described below.
Kyanite eclogites (E)
In these rocks, characterized by a bulk XMg ¼ 0Á73-0Á75 (Table 1) , a symplectitic matrix composed of (Tables 2 and 3 ; Figs 6b and 7b, c) . In sample D3, these symplectites appear as pseudomorphs after former millimetre-sized stubby prismatic crystals embedded in quartz, associated with Ca-rich plagioclase pseudomorphs, probably after zoisite ( Fig. 7f ; see also eclogites HAE below). The average bulk Fig. 7 . Back-scattered electron images of high-temperature symplectites in peridotites and eclogites: (a) symplectite replacing garnet (gt) consisting of sapphirine (sapp), magnesiohornblende (amph), spinel (sp) and Al-rich orthopyroxene (opx) (sample MD20; see also Supplementary Data Fig. S6a and b) ; (b) symplectites in sample B5: plagioclase þ orthopyroxene (pl þ opx) after garnet; plagioclase þ clinopyroxene (pl þ cpx) after omphacite; plagioclase þ spinel þ sapphirine (pl þ sp þ sapp) after kyanite; (c) composite symplectite after kyanite in sample B5; relict kyanite porphyroclast is surrounded by a Ca-rich plagioclase (Ca-pl) þ spinel þ sapphirine symplectite, mantled in turn by a Na-rich plagioclase corona (Na-pl) and an orthopyroxene þ plagioclase symplectite, in a symplectitic plagioclase þ clinopyroxene matrix (see also Supplementary Data Fig. S6c and d) ; (d) symplectite after kyanite in sample D9; the inner part contains corundum (see also Supplementary Data Fig. S6e and f) ; (e) detail of a corundum-bearing symplectite after kyanite (sample D9); (f) plagioclase þ clinopyroxene (pl þ cpx) pseudomorphs after omphacite and plagioclase pseudomorphs after zoisite, characterized by Ca-rich cores (Ca-pl) and Na-rich rims (Na-pl), embedded in a quartz (qtz) matrix.
composition of a representative cpx þ pl symplectite has been measured by averaging 400 EMP analyses (1 mm step) over a 20 mm Â 20 mm area; this corresponds to a mixed composition of 83Á7 mol % omphacitic clinopyroxene Di 58 Jd 32 Hd 10 and 16Á3 mol % quartz, strongly suggesting that the symplectites formed as a result of the reaction albite (in plagioclase) ¼ jadeite (in clinopyroxene) þ quartz (Holland, 1980) . A few inclusions of relict omphacite have been observed in kyanite (Fig. 6c) Fig. S4a and b) , quartz, pargasitic amphibole (XMg ¼ 0Á82) (Fig. 6b) and K-feldspar with a high orthoclase content (Or 97-98 ) in sample D3. Cathodoluminescence images of monocrystalline quartz revealed a grain core showing a peculiar zonation pattern, resembling twinning planes of a former phase surrounded by a polycrystalline rim (Fig. 6d) , now fully recovered. Rutile is an accessory mineral, commonly found included in garnet and kyanite porphyroclasts. Other accessory phases are ilmenite (replacing rutile in symplectites), zircon and apatite. Garnet and kyanite are typically replaced by symplectitic intergrowths (Fig. 7b and c) . Symplectites surrounding garnet usually consist of plagioclase and magnesiohornblende, although relict symplectites containing orthopyroxene and plagioclase have been observed (Fig. 7b) . Symplectites surrounding kyanite (Figs 4d-f, 6b, c and 7c) consist of anorthite-rich plagioclase (An 84 ), spinel (XMg ¼ 0Á55) and minor sapphirine. An outer corona of orthopyroxene (XMg ¼ 0Á70; Table 2 ) occasionally surrounds these symplectites (Supplementary Data Fig. S6e and f) . Sapphirine in these symplectites is very rich in Al (19Á00 a.p.f.u. on the basis of 28 cations), being intermediate between the (7:9:3) and the (3:5:1) end-members.
Mafic eclogites (ME)
Compared with the kyanite eclogites E, mafic eclogites (ME) are characterized by a lower bulk XMg of 0Á61-0Á65 and contain a higher amount of garnet (Fig. 4g) . Garnet is zoned (Supplementary Data Fig. S4 c and d) , displaying an average core composition Alm 40 Py 35 Gr 24 Sp 1 , which is only slightly enriched in Fe compared with garnet cores in type E eclogites. However, garnet rims in contact with surrounding plagioclase þ magnesiohornblende symplectites are considerably richer in Fe and Mn, up to Alm 55 Gr 20 Py 19 Sp 6 . Often, garnet porphyroclasts are completely replaced by amphibole þ plagioclase symplectitic intergrowths. Magnesiohornblende, associated with albite-rich plagioclase, is also a common phase in symplectites after omphacite. In ME eclogites, clinopyroxene þ plagioclase symplectites are rarely preserved. One of these symplectites has been analysed using the same method as described above for eclogites E, yielding the composition Di 58 Jd 28 Hd 15 for the former omphacite, showing higher Fe and lower jadeite contents compared with eclogites E. Among relict eclogite-facies minerals, quartz occurs in mafic eclogites, but its modal abundance is lower compared with eclogites E. Zoisite, K-feldspar (Or 99 ) and pargasitic amphibole (XMg ¼ 0Á68) occur as >100 mm porphyroclasts ( Fig. 6e and f) . Accessory rutile, ilmenite, apatite and Fe-Cu sulphides are abundant. A 30 mm crystal of dolomite (Ca 1Á00 Mg 0Á88 Fe 0Á12 )(CO 3 ) 2 has been observed included in a garnet core (Supplementary Data Fig.  S4 d) . Kyanite and symplectites after kyanite were not observed in mafic eclogites.
High-Al eclogites (HAE)
These rocks, characterized by a bulk XMg of 0Á81-0Á83, contain no or very minor garnet. Porphyroclastic kyanite, quartz, and emerald-green Fe-and Cr-bearing zoisite (up to 2 cm in size, Fig. 3f ; 0Á95 wt % FeO and 0Á24 wt % Cr 2 O 3 ) are accessory minerals. Zoisite contains minor inclusions of pargasite, and is commonly replaced by symplectites consisting of almost pure anorthite (An 99 ) (Fig. 4h) .
The rock matrix is mainly constituted of symplectites of low-Jd clinopyroxene, high-Ab plagioclase and magnesiohornblende. On the basis of the modal abundance of clinopyroxene and plagioclase in symplectites after omphacite, the composition of the latter has been reconstructed as Di 59 Jd 33 Hd 8 . This composition is nearly identical to that of omphacite observed in eclogites E. Also, similar to eclogites E, symplectites after kyanite contain anorthite-rich plagioclase (An 87 ), spinel (XMg ¼ 0Á59) and Al-rich sapphirine (XMg ¼ 0Á85; Al 19Á50 a.p.f.u. on the basis of 28 cations). However, in eclogites HAE these symplectites often contain also corundum ( Fig. 7d and e) . Late margarite and laumontite are also commonly observed as alteration products of these symplectites.
Amphibole-bearing migmatitic gneisses (AG)
These rocks, characterized by a bulk XMg ¼ 0Á82-0Á84, display a broadly layered structure both at the mesoand at the micro-scale, with millimetre-sized layers rich in plagioclase and layers rich in amphibole. Plagioclase is typically Ca-rich (An 90 ), comparable with plagioclase found in coronae surrounding zoisite (compare eclogites HAE) and in symplectites replacing kyanite (compare eclogites E and HAE). However, no spinel, sapphirine or corundum was observed in these plagioclase layers. Amphibole is magnesiohornblende (XMg ¼ 0Á82), partially replaced by tremolite. Phlogopite also occurs, partially replaced by chlorite. Occasionally, relict clinopyroxene þ plagioclase symplectites after omphacite can be observed, suggesting that these rocks are retrogressed eclogites. The reconstructed composition of the former omphacite is Di 67 Jd 24 Hd 9 , displaying lower jadeite content with respect to the better preserved eclogites described above.
GEOTHERMOBAROMETRY OF DURIA ROCKS
In the previous sections, we described different types of rocks from the Duria area displaying relict eclogitefacies minerals, namely garnet in peridotites, and omphacite, garnet and kyanite in eclogites, partially replaced by symplectitic intergrowths containing at times srilankite and sapphirine in peridotites, and sapphirine, spinel and corundum in eclogites (Supplementary Data Table S1 ). To constrain the P-T conditions existing during eclogite-facies and posteclogitic metamorphism, we performed classical thermobarometry for both peridotites and eclogites.
Garnet peridotites
Temperature conditions of eclogite-facies rocks have been estimated in peridotites using the following: (1) the clinopyroxene-orthopyroxene solvus thermometer of Taylor (1998) Pressure estimates for eclogite-facies rocks were retrieved using the following: (1) the barometer of O'Neill (1981), based on the transition between spinel lherzolite and garnet þ spinel lherzolite, which is dependent on the Cr/(Al þ Cr) ratio of spinel (O'NSp/Gt; blue in Fig. 8); (2) the barometer of Taylor (1998) , based on Al exchange between orthopyroxene and garnet (TaOpx/Gt; grey in Fig. 8) ; (3) the Cr-in-clinopyroxene barometer of Nimis & Taylor (2000) , based on Cr exchange between clinopyroxene and garnet (NTCrCpx; green in Fig. 8) .
Estimates for the Duria peridotite sample A2C2 have been made by considering the core compositions of porphyroblastic garnet, orthopyroxene and spinel in the matrix, and of clinopyroxene included in garnet ( Table 2 ). The minerals display a good degree of equilibration, as the seven independent geothermobarometers yield concordant values and intersect one another at 2Á8 6 0Á2 GPa and 730 6 20 C (Fig. 8) . In the other peridotites from Monte Duria (MD20, MD25) and Borgo (B1, B3), Fe-Mg and pyroxene-solvus temperatures are often discordant, suggesting disequilibrium among the considered phases. In particular, although the TaOpx/ Cpx and the NTCpx thermometers are broadly comparable for sample A2C2, intersecting the barometers at 700-760 C (with the remarkable exception of sample B3 at T ¼ 830-840 C), the BKOpx_corrNG thermometer yields generally lower temperatures, down to 680 C for sample MD20. In contrast, the NGOpx/Gt thermometer appears to be shifted to higher temperatures, intersecting the O'NSp/Gt barometer at 2Á8 GPa and 880 C for sample B1 and at 3 GPa and 920 C for sample B3.
Excluding sample A2C2, in all other samples the NGOpx/Gt thermometer displays a second intersection point with both the barometers TaOpx/Gt and NTCrCpx at anomalously high P-T conditions, up to around 4 GPa and 1100 C in sample B3 (Fig. 8) . Temperature for the post-eclogitic peak was estimated by using the thermometers TaOpx/Cpx, BKOpx_corrNG, NTCpx and the experimentally calibrated thermometer of Sato et al. (2006) , based on FeMg exchange between spinel and sapphirine (SSp/ Sapp; brown in Fig. 9 ). Maximum pressure estimates were obtained using the barometer O'NSp/Gt, which represents the upper boundary of the garnet-free field in the presence of low Cr/(Al þ Cr) keyphitic spinel. The composition of minerals forming kelyphites replacing garnet and orthopyroxene coronae replacing olivine was considered for the calculations.
Mineral compositions in kelyphites post-dating eclogite-facies metamorphism result in discordant temperature estimates, suggesting also in this case a high degree of disequilibrium. The highest temperatures of T ¼ 880 C at P max ¼ 1Á6-1Á7 GPa, obtained using the SSp/Sapp thermometer, were observed in Monte Duria peridotites MD20 and MD25 (Fig. 9) . Similar temperatures were calculated for sample A2C2 using the pyroxene-solvus thermometers TaOpx/Cpx and NTCpx, which yield concordant temperatures of 840 C at P max ¼ 1Á4 GPa. However, in the same sample the thermometer BKOpx_corrNG yields lower temperatures of 635 C at P max ¼ 1Á4 GPa. Pyroxene-solvus temperatures are low and also often discordant in the other peridotites, suggesting that these temperatures merely represent minimum estimates of the post-eclogitic peak temperature.
Eclogites P-T conditions of the eclogite facies and of the posteclogitic peaks have been estimated for type E kyanite eclogites (sample B5), considered the most representative type because of their abundance in the field, their low degree of retrogression and their average composition.
Temperatures for the eclogitic peak have been retrieved by using the thermometer of Krogh-Ravna (2000) , based on the Fe-Mg exchange between omphacite and garnet (cpx-gt in Fig. 10a ). Peak pressures were estimated with the barometer of Ravna & Terry (2004) , based on the net transfer reaction diopside (in omphacite) þ kyanite ¼ grossular (in garnet) þ pyrope (in garnet) þ quartz/coesite (gt-cpx-ky-qtz/coe in Fig. 10a ). The compositions of preserved omphacite crystals included in kyanite and of garnet cores (Supplementary Data Fig.  S4 a and b) have been used for the calculations (Table 2 ). Additional T estimates have been retrieved using the Zr-in-rutile thermometer calibrated by Tomkins et al. (2007) (Zr-in-ru in Fig. 10 ), considering the Zr content of rutile crystals included in garnet (343-352 ppm Zr; see Table 4 ). The intersection of the thermometers cpx-gt and Zr-in-ru with the barometer gt-cpx-ky-qtz/coe provides a concordant estimate of peak conditions at P ¼ 3Á0 GPa and T ¼ 740-750 C, slightly above the quartz-coesite transition (dashed line in Fig. 10a) .
The P-T conditions of the post-eclogitic peak have been estimated using the compositions of the minerals forming symplectites replacing kyanite, garnet and omphacite, and those of garnet rims in contact with them. In particular, orthopyroxene found in a symplectite replacing kyanite in contact with relict garnet ( Fig. 7c; Supplementary Data Fig. S7 ) was considered for the Ca-in-orthopyroxene thermometer of Brey & Kö hler (1990) corrected by Nimis & Grü tter (2010) (Ca-in-opx in Fig. 10b) , and for the barometer of Lal (1993) , based on the net transfer reaction enstatite (in orthopyroxene) þ anorthite (in plagioclase) ¼ pyrope (in garnet) þ grossular (in garnet) þ quartz (gt-opx-pl-q in Fig. 10b ). The composition of clinopyroxene and plagioclase forming symplectites replacing omphacite in contact with relict garnet was used for the barometer of Eckert et al. (1991) , based on the net transfer diopside (in clinopyroxene) þ anorthite (in plagioclase) ¼ pyrope (in garnet) þ grossular (in garnet) þ quartz (gt-cpx-pl-q in Fig. 10b) . Temperatures for the post-eclogitic peak were estimated additionally by using the thermometer of Sato et al. (2006) , based on the Fe-Mg exchange between spinel and sapphirine (sapp-sp in Fig. 10) found Taylor (1998) ; BKOpx_corrNG, the Ca-in-orthopyroxene thermometer of Brey & Kö hler (1990) corrected by Nimis & Grü tter (2010) ; NGOpx/Gt, the orthopyroxene-garnet Fe-Mg exchange of Nimis & Grü tter (2010) ; NTCpx, the En-in-clinopyroxene single clinopyroxene thermometer of Nimis & Taylor (2000) . Considered barometers: NTCrCpx, the Cr-in-clinopyroxene barometer of Nimis & Taylor (2000) ; O'NSp/Gt, the barometer of O'Neill (1981) , based on the transition between spinel lherzolite and garnet þ spinel lherzolite; TaOpx/Gt, the barometer of Taylor (1998) , based on Al exchange between orthopyroxene and garnet. Sample A2C2 is characterized by a high degree of equilibration among the considered minerals, unlike the other samples. Further details are provided in the text.
in symplectites replacing kyanite (e.g. Fig. 7c) , and by using the thermometer Zr-in-ru, considering the Zr content of rutile embedded in symplectites (567-845 ppm Zr; Table 5 ). The highest P-T conditions, T ¼ 840-850 C at P ¼ 0Á8-1Á0 GPa, are provided by the intersection of the barometers gt-opx-pl-q and gt-cpx-pl-q, and the thermometer sapp-sp, whereas T values estimated using the Ca-in-opx (755) (756) (757) (758) (759) (760) C at 0Á85-0Á95 GPa) and the Zr-in-ru (690-740 C at 0Á85-0Á95 GPa) thermometers are considerably lower, suggesting partial re-equilibration during retrogression.
Thermodynamic modelling supporting thermobarometry
Additional thermobarometric constraints for overprinted eclogites can be retrieved from isochemical sections (pseudosections). In particular, the bulk composition of type E eclogite B5 was considered for the calculation of P-H 2 O and P-T pseudosections in the system KNCFMASH (Fig. 11) . The P-H 2 O pseudosection in Fig. 11 , calculated at fixed T ¼ 750 C in the light of the peak eclogite-facies temperatures estimated by means of conventional thermometry, served to estimate the maximum amount of the component H 2 O accounting for the presence of K-feldspar in Duria eclogites, occurring as a relict eclogite-facies phase together with garnet, omphacite, kyanite and quartz (see sample D3). In Fig. 11a , X represents the H 2 O component added to the dry bulk composition B5 (Table 1; see also  Supplementary Data Table S2 ). K-feldspar is stable with garnet, omphacite, kyanite, quartz and phengite at P > 1Á8 GPa and a maximum bulk H 2 O content of 0Á1 wt %, Fig. 9 . Thermobarometry of Duria peridotites, symplectitic stage. Considered thermometers and barometers are the same as in Fig. 8 , with the addition of the thermometer of Sato et al. (2006) , based on Fe-Mg exchange between spinel and sapphirine (SSp/Sapp), which provides temperatures concordant with the TaOpx/Cpx and NTCpx thermometers in sample A2C2. In symplectites the O'NSp/ Gt barometer merely provides a maximum pressure estimate of the garnet-free field. Further details are provided in the text.
above which K-feldspar disappears. Therefore, a P-T pseudosection has been calculated assuming an intermediate bulk H 2 O content of 0Á05 wt % (Fig. 11b) . Pseudosections indicate that the orthoclase endmember content (XOr) of K-feldspar increases as pressure increases. At a fixed T ¼ 750 C, XOr is 0Á97 at 2Á5 GPa, XOr ¼ 0Á98 at 2Á7 GPa and XOr ¼ 0Á99 at 3Á0 GPa. These values are comparable with the K-feldspar compositions measured in samples D3 (0Á970-0Á978; eclogite type E) and D6 (0Á986; eclogite type ME), further supporting the HP conditions up to 3 GPa retrieved for these rocks by conventional thermobarometry.
The calculated P-T pseudosection additionally shows that the amphibole-out boundary is shifted to lower P compared with the wet amphibole-out found experimentally by Schmidt & Poli (1998) (black dashed line in Fig. 11b ), probably because of the relatively low H 2 O content and the consequent fluid-absent conditions imposed in the calculations. At T ¼ 750 C, amphibole (pargasite) is predicted to be stable only at P < 1Á75 GPa. Therefore, we suggest that in the Duria eclogites amphibole should be not regarded as a peak eclogite-facies mineral (Supplementary Data Table S1 ). Concerning the granulitic overprint, orthopyroxene, found in symplectites replacing kyanite and garnet (Fig. 7b and c) , is stable at P < 1Á0 GPa at 850 C (Fig. 11b ), in agreement with the gt-opx-pl-q barometry. However, in the Duria eclogites symplectites after kyanite often also contain sapphirine and corundum, which are apparently never stable in the pseudosection calculated for the bulk composition B5. This suggests that more complex modelling involving local equilibria, provided below in a separate section, is required to explain the formation of these minerals.
THERMODYNAMIC MODELLING OF SRILANKITE-BEARING SYMPLECTITES
The occurrence of srilankite (Zr 0Á33 Ti 0Á66 O 2 ) and zircon in a double corona replacing garnet and olivine in peridotite sample A2C2 from Duria (Fig. 5) gave us the opportunity to perform thermodynamic modelling to retrieve additional P-T constraints for the post-eclogitic metamorphic stage.
Although it is known that the Zr content of rutile is temperature dependent (e.g. Zack et al., 2004) , the solid solution between TiO 2 and ZrO 2 has been investigated experimentally in detail only in a few studies (McHale & Roth, 1986; Tomkins et al., 2007) . In particular, dealt with the solid solutions among rutile (TiO 2 ), baddeleyite (ZrO 2 ) and the intermediate compound srilankite at 800-1220 C at pressures up to 2 GPa. These experimental data allowed us to develop a solid-solution model (Supplementary Data Fig. S5 ) and to calculate chemographies and P-T phase diagrams in petrological systems of increasing complexity (Fig. 12) . Details on the solution model can be found in the Appendix.
Because srilankite occurs both in an orthopyroxene corona replacing olivine (Fig. 5b) and in an orthopyroxene þ clinopyroxene þ spinel kelyphite replacing garnet (Fig. 5d) , thermodynamic modelling has been performed in the simple model system MgO-SiO 2 -TiO 2 -ZrO 2 (grey chemographies and dashed line in Fig. 12 ) and in the more complex system CaO-FeO-MgOAl 2 O 3 -SiO 2 -TiO 2 -ZrO 2 (black continuous lines in Fig. 12 ).
In the system MgO-SiO 2 -TiO 2 -ZrO 2 , chemographies show that the assemblage forsterite þ enstatite þ zircon þ rutile is stable at relatively low temperatures (e.g. T < 830 C at P ¼ 0Á9 GPa; Fig. 12 ). At higher temperatures, the stable assemblage is dependent on the bulk (2000) (cpx-gt) and the Zr-in-rutile thermometer of Tomkins et al. (2007) (Zr-in-ru; rutile included in garnet); pressures were retrieved using the barometer of Ravna & Terry (2004) , based on the net transfer reaction diopside (in omphacite) þ kyanite ¼ grossular (in garnet) þ pyrope (in garnet) þ quartz/coesite (gt-cpx-ky-qtz/coe); the coesite-quartz transition is shown for reference; (b) hightemperature symplectitic stage: temperatures were retrieved using the Zr-in-ru thermometer (rutile in symplectite), the Ca-in-orthopyroxene thermometer of Brey & Kö hler (1990) corrected by Nimis & Grü tter (2010) (Ca-in-opx) and the sapphirine-spinel thermometer of Sato et al. (2006) (sapp-sp) ; pressures retrieved using the barometers of Lal (1993) , based on the net transfer reaction enstatite (in orthopyroxene) þ anorthite (in plagioclase) ¼ pyrope (in garnet) þ grossular (in garnet) þ quartz (gt-opx-pl-q), and Eckert et al. (1991) , based on the net transfer diopside (in clinopyroxe-
XTi ratio [XTi ¼ TiO 2 /(ZrO 2 þ TiO 2 ) molar ], becoming either forsterite þ enstatite þ zircon þ srilankite for XTi 
which is represented with a grey dashed line in the P-T field of Fig. 12 . Our model predicts that the above univariant reaction is weakly sensitive to pressure, occurring at T ¼ 790 C at P ¼ 0Á5 GPa and at T ¼ 900 C at P ¼ 1Á7 GPa.
A P-T pseudosection has been calculated for the system CaO-FeO-MgO-Al 2 O 3 -SiO 2 -TiO 2 -ZrO 2 (black lines in Fig. 12 ) to check the stability of srilankite in more complex systems. By adding FeO, the srilankite-in univariant curve becomes a divariant field, because olivine and orthopyroxene form solid solutions between their Mg-and Fe-endmembers. To calculate a pseudosection suitable for the Duria peridotites, we considered the bulk composition of the srilankite-bearing kelyphite, retrieved by mass-balancing the compositions of the reactants (garnet, olivine) and the kelyphite products (orthopyroxene, clinopyroxene, spinel) occurring in sample A2C2 (Tables 2 and 3) , doped with 3 mol % of rutile and 1 mol % of zircon, thus assuming a bulk XTi ¼ 0Á75 (Supplementary Data Table S2 ). For this composition, the stability of srilankite is shifted towards lower temperatures compared with the simple MgOSiO 2 -TiO 2 -ZrO 2 system by $20 C (Fig. 12) , meaning that srilankite in equilibrium with orthopyroxene (En 90 ) 6 clinopyroxene 6 spinel is stable relative to zircon þ rutile at T > 810 C at 0Á9 GPa. These P-T conditions are consistent with those retrieved for the post-eclogitic peak by using the TaOpx/Cpx and NTCpx thermometers (820-830 C at 0Á9 GPa; sample A2C2) and the SSp/Sapp thermometer (850 C at 0Á9 GPa; samples MD20 and MD25; orange dashed line in Fig. 12 ).
LOCAL EQUILIBRIUM MODELLING IN SAPPHIRINE-BEARING SYMPLECTITES
Sapphirine-bearing symplectites rarely occur in Monte Duria peridotites (samples MD20 and MD25; Fig. 7a ) and commonly in Borgo kyanite eclogites type E (sample D3 and B5; Fig. 7b and c) and type HAE (sample D9; Fig. 7d and e) . In these rocks, sapphirine grows statically in particular symplectitic micro-domains. In this section, we provide thermodynamic modelling results coupled with a mass-transfer study to constrain the mosaic-type equilibrium conditions attained in the symplectites.
Peridotites
In all Duria peridotites we observed sapphirinefree kelyphites developing at the contact between olivine (ol) and garnet (gt) consisting of orthopyroxene (opx), spinel (sp) and clinopyroxene (cpx). This kelyphitic assemblage has been widely reported in retrogressed peridotites (see Godard & Martin, 2000) . 0Á08  0Á08  0Á05  0Á04  0Á07  0Á05  0Á04  0Á05  TiO 2  99Á01  98Á76  100Á13  99Á48  99Á25  98Á72  99Á52  99Á02  Al 2 O 3  0Á05  0Á07  0Á05  0Á04  0Á07  0Á05  0Á04  0Á04  Cr 2 O 3  0Á14  0Á18  0Á22  0Á24  0Á10  0Á31  0Á33  0Á34  FeO  1Á02  0Á95  0Á14  0Á17  0Á42  0Á38  0Á31 
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By mass-balancing the mineral compositions of sample MD20 (Sym1 in Tables 2 and 3) , we obtained the following reaction accounting for the formation of these kelyphites:
where Fe þ1 Mg -1 represents a vector accounting for the Fe-Mg exchange between eclogite-facies reactants and granulite-facies products. However, in the same sample we also observed uncommon kelyphites containing sapphirine associated with low-Cr spinel, Al-rich orthopyroxene and magnesiohornblende, developed along fractures in garnet. The bulk composition of the sapphirine-bearing symplectite (MD20 X1 in Supplementary Data Table S2 ) has been retrieved using the mineral compositions (Sym2 in Tables 2 and 3 ) and the phase proportions obtained by image analysis of elemental X-ray maps (Supplementary Data Fig. S7 a  and b) . A P-T pseudosection calculated for the Sym2 composition in the system NCFMASH at watersaturated conditions shows that sapphirine is stable only at relatively low pressure (Sapp-bearing fields in Fig. 13a ). The assemblage orthopyroxene þ sapphirine þ amphibole þ spinel þ clinopyroxene (in order of decreasing amount) is restricted to a relatively narrow field. With the exception of clinopyroxene, this last assemblage is consistent with that observed in the sapphirine-bearing kelyphites of sample MD20. The intersection of this field with the thermometer SSp/Sapp (dashed line in Fig. 13a ) occurs at P ¼ 0Á8-0Á9 GPa and T % 850 C. At these conditions, the modelled phase compositions Fig. 12 . Thermodynamic modelling of Zr-bearing symplectites. The calculated P-T diagram shows the univariant srilankite-in reaction forsterite þ rutile þ zircon ¼ srilankite þ enstatite in the system MgO þ SiO 2 þ TiO 2 þ ZrO 2 (dashed grey line). Ternary SiO 2 þ TiO 2 þ ZrO 2 chemographies (projected from forsterite) are calculated at P ¼ 0Á9 GPa across the srilankite-in curve. Rutile-rich (blue star) and zircon-rich (green star) bulk compositions are shown for reference. The srilankite-in curve in the system CFMAS þ TiO 2 þ ZrO 2 (black line) has been calculated for a fixed bulk composition corresponding to the typical orthopyroxene þ clinopyroxene þ spinel kelyphite of sample A2C2 with added components TiO 2 and ZrO 2 assuming Table S2 ). The sapphirine-spinel thermometer of Sato et al. (2006) calculated for kelyphites in sample MD20 [orange dashed line SSp/Sapp (MD20); see Fig. 9d ] and the upper boundary of the garnet-free field in sample A2C2 calculated using the barometer of O'Neill (1981) [black dashed line gt-in (O'NSp/Gt)] are shown for reference. fo, forsterite; ru, rutile; zrc, zircon; sril, srilankite; en, enstatite; bdy; baddeleyite; ilm, ilmenite; gt, garnet; opx, orthopyroxene; cpx, clinopyroxene; sp, spinel. Fig. 11 . Thermodynamic modelling of E-type kyanite eclogites from Duria in the system NCFMASH (sample B5). (a) P-X isothermal section calculated at fixed T ¼ 750 C, where X ¼ 0 stands for the anhydrous bulk composition B5 and X ¼ 1 represents the bulk composition B5 with 0Á5 wt % added H 2 O component (see Supplementary Data Table S2 ); (b) P-T isochemical section calculated for the composition B5, assuming H 2 O ¼ 0Á05 wt %; isopleths of the calculated molar fraction of the component KAlSi 3 O 8 in K-feldspar (XOr) are shown as dotted lines. As melting reactions were not considered in calculations, the stability of white mica at high-temperature conditions should be considered as fictitious; the experimental wet solidus of MORB eclogites after Schmidt & Poli (1998) (dashed line) is shown for comparison. Wm, white mica; Gt, garnet; Kf, K-feldspar; Omph, omphacite; ky, kyanite; coe, coesite; q, quartz; Amph, amphibole; Pl, plagioclase; Ol, olivine; Opx, orthopyroxene; zo, zoisite.
agree well with the measured compositions. In particular, thermodynamic modelling predicts Al-rich orthopyroxene (Al ¼ 0Á26 a.p.f.u.) and XMg values for sapphirine and spinel (0Á89 and 0Á78, respectively) that are nearly identical to those measured in the symplectite (see Sym2 in Tables 2 and 3) .
To constrain the conditions promoting the formation of sapphirine in peridotites, a T-X binary phase diagram has been calculated at fixed P ¼ 0Á9 GPa (estimated for the granulite-facies overprint in eclogites; see previous section; Fig. 13b ), where X ¼ 0 represents the composition of the 'regular' sapphirine-free orthopyroxene þ clinopyroxene þ spinel kelyphites (Sym1 in Tables 2 and 3) , derived from reaction (2), and X ¼ 1 represents the bulk composition of the sapphirine-bearing symplectite Sym2 (Fig. 13b) . The pseudosection indicates that sapphirine is never stable for bulk compositions close to X ¼ 0, where the assemblage orthopyroxene þ clinopyroxene þ spinel is stable at T > 790 C, as expected. Sapphirine becomes stable only at higher X values (X > 0Á6 at T ¼ 850 C), forming at X ¼ 1 the assemblage orthopyroxene þ sapphirine þ amphibole þ spinel þ clinopyroxene (see Fig. 13a ) for T > 820 C, conditions that are comparable with the temperatures estimated using the SSp/Sapp thermometer (dashed line in Fig. 13b ). This implies that the formation of sapphirine requires a local compositional change in the symplectite micro-domain. The balanced reaction accounting for the formation of sapphirine-bearing kelyphites can be written as
where Sym2 is the reconstructed bulk composition of the sapphirine-bearing kelyphite normalized to 10 cations. Reaction (3) suggests that the growth of sapphirine-bearing kelyphites requires higher garnet/ olivine ratios compared with reaction (2), the presence of water and an addition of Al in the micro-domain.
Eclogites
In Borgo eclogites, sapphirine occurs solely in symplectites replacing kyanite. Bearing in mind that aluminium is a relatively 'inert' component (see Korzhinskii, 1959) characterized by low diffusivity (e.g. Carlson, 2002) , we modelled coronitic reactions involving kyanite by calculating T-X pseudosections at fixed P ¼ 0Á9 GPa (estimated for the granulite-facies overprint using gt-opx-pl-q and gt-cpx-pl-q barometers; see previous section) in the system KNCFMAS ( Fig. 14a) and KNCFMASH (Fig. 14b) , where the sliding composition X represents a decreasing amount of Al 2 SiO 5 (kyanite) component added to a bulk symplectite replacing kyanite, from þ25 wt % (X ¼ 0 in Fig. 14) to 0 wt % (X ¼ 1 in Fig. 14) (see Supplementary Data Table S2 ). In this way, we modelled the phase stability in the micro-domain adjacent to a kyanite porphyroclast simulating a local enrichment in the kyanite component. The bulk symplectite composition was reconstructed by considering the phase proportions of the symplectite micro-domain, obtained by image analysis of X-ray maps (Supplementary Data Fig. S7 c-f) , and the symplectite phase compositions (Tables 2 and 3) .
For sample B5 (type E eclogite), the retrieved phase proportions in the symplectite micro-domain, excluding the non-symplectitic phases garnet, quartz, amphibole and rutile, are as follows: Ab-rich plagioclase 37 vol. %; clinopyroxene 25 vol. %; An-rich plagioclase 21 vol. %; spinel 10 vol. %; orthopyroxene 5 vol. %; sapphirine Fig. 13 . Thermodynamic modelling of sapphirine-bearing symplectite in peridotite MD20 (system NCFMASH). (a) P-T isochemical section calculated for the reconstructed bulk composition of the sapphirine-bearing kelyphite replacing garnet (Supplementary Table S2 ; Supplementary Fig. S6a and b) . (b) T-X isobaric pseudosection calculated at fixed P ¼ 0Á9 GPa, where X ¼ 1 stands for the reconstructed bulk composition of the sapphirine-bearing kelyphite and X ¼ 0 represents the reconstructed bulk composition of a typical orthopyroxene þ clinopyroxene þ spinel kelyphite replacing garnet (Supplementary Table S2 ). The sapphirine-spinel thermometer of Sato et al. (2006) (dashed line T SSp/Sapp ) and the sapphirinebearing assemblage fields (grey) are shown for reference. Chl, chlorite; Amph, amphibole; Gt, garnet; ky, kyanite; cor, corundum; Ol, olivine; Sp, spinel; sud, sudoite; Pl, plagioclase; Sapp, sapphirine; Opx, orthopyroxene; Cpx, clinopyroxene. 1Á5 vol. %. The T-X pseudosection (Fig. 14a) shows that sapphirine is not stable for the reconstructed symplectite composition (X ¼ 1) at T ¼ 850 C (estimated for the granulite-facies overprint using the the SSp/Sapp thermometer; see previous section), where the predicted stable assemblage is plagioclase (63 vol. %) þ clinopyroxene (23 vol. %) þ spinel (9 vol. %) þ orthopyroxene (6 vol. %). Along the 850 C isotherm, the association sapphirine þ spinel becomes stable at X between 0Á27 and 0Á39; that is, for 15-18 wt % added Al 2 SiO 5 component. A further addition of the Al 2 SiO 5 component results in the disappearance of spinel and the appearance of sillimanite. This suggests that a small fluctuation in the kyanite component in the micro-domain surrounding a kyanite porphyroclast that is destabilizing during the post-eclogitic peak can lead to the assemblage plagioclase þ sapphirine towards the inner part of the reaction front and plagioclase þ spinel towards the outer part of the reaction front. By balancing the compositions of the eclogite-facies peak phases (reactants) and of the phases occurring in the symplectite after kyanite (products) (Tables 2 and 3) , we obtained the following sapphirine-producing waterabsent reaction with no residuals in the system KNCFMAS þ Cr 2 O 3 :
The T-X pseudosection additionally indicates that corundum is potentially stable at X < 0Á27 (i.e. >18 wt % added Al 2 SiO 5 component), but it requires lower temperatures below 780
C. Corundum has never been found in type E eclogites. On the contrary, corundum has been found in type HAE eclogites, once again in symplectites replacing kyanite ( Fig. 7d and e) . We studied in detail one of these symplectites in sample D9 (Fig. 7d) , consisting of corundum þ An-rich plagioclase in the central part and sapphirine þ spinel þ An-rich plagioclase in the outer part, in turn mantled by Ab-rich plagioclase. This symplectite replacing kyanite is sometimes preserved as a relict phase and is embedded in a symplectitic matrix after omphacite, composed of Abrich plagioclase, Jd-poor clinopyroxene and magnesiohornblende (Supplementary Data Fig. S7 e and f) . In the symplectite of sample D9, the phase proportions retrieved by image analysis of elemental X-ray maps are 35 vol. % Ab-rich plagioclase, 23 vol. % amphibole, 21 vol. % An-rich plagioclase, 12 vol. % clinopyroxene, 2Á4 vol. % sapphirine, 1Á4 vol. % spinel and 1Á0 vol. % corundum. On the basis of the mineral compositions, we reconstructed the symplectite bulk composition (Supplementary Data Table S2 ). The presence of amphibole in the symplectite requires the addition of the component H 2 O in the system. We performed an a(H 2 O)-X pseudosection in the system KNCFMASH (Supplementary Data Fig. S7 ), where X varies between the composition of the reconstructed symplectite (X ¼ 1) and the same composition enriched with 25 wt % Al 2 SiO 5 (kyanite) component (X ¼ 0). The resulting calculations suggest that the amount of water (expressed as water activity aH 2 O) exerts a major role controlling the stability of amphibole versus clinopyroxene in the symplectite. Moreover, the stability of spinel is suppressed everywhere for log aH 2 O > -1Á3. Therefore, to obtain a bulk symplectite composition suitable for pseudosections at fixed P ¼ 0Á9 GPa, as done for sample B5, we reduced the estimated amount of amphibole to 2Á3 vol. % to match log aH 2 O ¼ -1Á4 Table S2 ). The sapphirine-spinel thermometer of Sato et al. (2006) (dashed line T SSp/Sapp ) is shown for reference. Opx, orthopyroxene; Sapp, sapphirine; Pl, plagioclase; sill, sillimanite; Sp, spinel; cor, corundum; ky, kyanite; Cpx, clinopyroxene; Amph, amphibole; hcrd, cordierite. (Supplementary Data Table S2 ). Similarly to sample B5, the T-X pseudosection of Fig. 14b indicates that sapphirine is stable at 850 C for the symplectite composition of sample D9, in which spinel should occur instead associated with orthopyroxene, plagioclase, clinopyroxene and amphibole. By adding the Al 2 SiO 5 (kyanite) component along the 850 C isotherm, sapphirine becomes stable for X < 0Á85 (i.e. > 3Á8 wt % added Al 2 SiO 5 component). By increasing the Al 2 SiO 5 component, sapphirine is associated first with spinel and then with sillimanite. As for type E eclogites, corundum is not stable along the 850 C isotherm, but becomes stable below 780 C for Al 2 SiO 5 -enriched compositions (X < 0Á65, corresponding to > 8Á8 wt % added Al 2 SiO 5 component). Compared with the symplectite in sample B5 (type E eclogite), the stability of sapphirine and corundum is expanded at higher X values for the symplectite composition of sample D9 (HAE eclogite), meaning that a less severe local enrichment in the kyanite component is required to stabilize these phases in high-Al eclogites.
DISCUSSION
In the Monte Duria area, garnet peridotites and eclogites are both hosted by migmatitic gneisses. Peridotites are lherzolites with XMg % 0Á90 and their major element composition is comparable with that of other depleted orogenic peridotites cropping out at Alpe Arami (Central Alps; Ernst, 1981) , Cima di Gagnone (Central Alps; Scambelluri et al., 2014) and in the Ulten zone (Eastern Alps; Tumiati et al., 2007) ( Supplementary Data Fig. S1 ). Eclogites have XMg from 0Á61 to 0Á84 and whole-rock major element variations that suggest magmatic differentiation of a previous oceanic gabbroic protolith [see Gillis et al. (2014) in Supplementary Data Fig. S1 ]. Apart from a remarkably higher content of potassium (0Á22-1Á21 wt % K 2 O), the composition of the Borgo eclogites is also comparable with that of the Jurassic metagabbros from the Zermatt-Saas Ophiolite (Western Alps) (Bucher & Grapes, 2009 ), interpreted as lower-crust gabbros (troctolite/olivine gabbro and pyroxene gabbro) developed at the crust-mantle boundary. Further trace element data are needed to discriminate between the oceanic and the lower-crustal origin of the Duria eclogite protolith (Pellegrino et al., 2017) .
Both in peridotites and in eclogites, relict eclogitefacies minerals are extensively replaced by granulitefacies symplectites. In peridotites, garnet in contact with olivine is usually replaced by orthopyroxene, clinopyroxene þ spinel kelyphites containing in rare cases srilankite, for which we propose a novel solid-solution model allowing the calculation of pseudosections in Zrbearing systems. In a few peridotite samples, symplectites developed along garnet microfractures contain sapphirine associated with Al-rich orthopyroxene, spinel and amphibole. In eclogites, omphacite is completely replaced by clinopyroxene/amphibole þ plagioclase symplectites, garnet by orthopyroxene þ plagioclase symplectites, and kyanite by spinel þ Ca-rich plagioclase symplectites, often also containing sapphirine and corundum.
The P-T conditions of the eclogite facies and the granulite-facies symplectitic stage were retrieved by means of conventional thermobarometry and thermodynamic modelling. Moreover, a mass-transfer study and local equilibrium modelling was conducted to decipher the observed microtextures and to constrain petrological processes that challenge the current geodynamic interpretation of the Central Alps.
Thermobarometric constraints for Duria
Previous P-T estimates for the HP metamorphism evidenced in garnet peridotites from Duria indicate P ¼ 3Á0 6 0Á2 GPa and T ¼ 829 6 33 C (Nimis & Trommsdorff, 2001 ) and P ¼ 2Á8 GPa and T ¼ 830 C . Thermodynamic models and new concordant thermobarometric data presented in this study for the garnet peridotites, in particular sample A2C2, are consistent with a similar HP equilibration at 2Á8 6 0Á2 GPa. For those pressures, we calculated lower peak temperatures of 730 6 20 C. These P-T conditions are compatible with the occurrence of amphibole porphyroclasts (see Fumagalli et al., 2009; Tumiati et al., 2013) . Moreover, we demonstrated that the same HP peak is shared within uncertainties by the kyanite eclogites, a rock type that in the Duria area was only briefly acknowledged by Heinrich (1986) . It is worth noting that these conditions are consistent with the coesite stability field (i.e. ultrahigh-pressure metamorphism). Although coesite was not observed in the Duria eclogites, we described a peculiar cathodoluminescence zonation in quartz (Fig. 6d ) that can be interpreted as a fully recovered polymorph after a twinned coesite grain surrounded by a polycrystalline quartz rim.
In both peridotite and eclogites, the HP peak is followed by an HT symplectitic stage at P ¼ 0Á8-1Á0 GPa and T ¼ 840-850 C, evidenced mostly by the Fe-Mg partitioning between sapphirine and spinel in symplectites after garnet in peridotites and after kyanite in eclogites, and by the occurrence of srilankite in peridotites (see below).
This post-eclogitic HT event has never been reported in the Central Alps. In the Duria peridotites, Hermann et al. (2006) provided P-T estimates of 0Á7-1Á0 GPa and 720 C for symplectites surrounding garnet, referring probably to the retrograde amphibolite-facies stage that we observed in both peridotites (e.g. chlorite þ anthophyllite þ phlogopite kelyphites of sample B3) and eclogites (compare amphibole-bearing migmatitic gneisses). Paquin & Altherr (2001) suggested peak metamorphic conditions of 1180 C and 5Á9 GPa for the eclogite facies of the Alpe Arami peridotites, occurring in the same unit c. 15 km west of Monte Duria, which are at variance with the estimates of Nimis & Trommsdorff (2001) of 840 C and 3Á2 GPa. Remarkably, these divergent estimates retrieved for Alpe Arami peridotites are very similar to the discordant P-T values observed in the Duria peridotites (Fig. 8) , which are related mostly to a fictitious shift of the orthopyroxenegarnet thermometer of Nimis & Grü tter (2010) (NGOpx/ Gt in Fig. 8 ) towards higher temperatures, probably ascribable to the decompressional granulite-facies heating event described above. Actually this thermometer, based on an Fe-Mg exchange, is more prone to thermal perturbations compared with thermometers based on the pyroxene solvus. Indeed, in the investigated peridotites the intersection of the orthopyroxeneclinopyroxene thermometer of Taylor (1998) with the Al-in-orthopyroxene barometer of Taylor (1998) provides concordant estimates at T ¼ 700-750 C. Sample B3 is characterized by the highest apparent orthopyroxene-garnet temperatures and also by a marked shift of the orthopyroxene-clinopyroxene thermometer towards values that are nearly identical to the T conditions retrieved for the granulite-facies symplectites of sample A2C2 (% 850 C; Fig. 9a ). Concerning eclogites, plagioclase þ spinel coronas replacing kyanite have been reported by Brouwer et al. (2005) in eclogites from Borgoglio in Onsernone Valley, c. 50 km west of Monte Duria. However, those researchers did not claim a post-eclogitic HT event for these rocks, which are thought to have re-equilibrated at $630 C and 0Á6 GPa during regional Barrovian metamorphism. Plagioclase þ spinel þ corundum symplectites after kyanite were described in eclogitic amphibolites from Gorduno/Alpe Arami by Brouwer (2000) , but she did not provide P-T constraints for symplectite formation, suggesting T < 1050 C on the basis of the absence of sapphirine. With the exception of the Duria eclogites and peridotites described in our study, sapphirine has in fact been never reported in overprinted HP rocks from the Central Alps. Nevertheless, it is worth noting that sapphirine occurs as a rock-forming matrix phase and as a symplectite constituent in granulites and charnockites from the Gruf Complex in Val Codera (Galli et al., 2011) , cropping out $20 km ENE of Monte Duria (Fig. 1) . In these rocks sapphirine occurs with orthopyroxene, cordierite, garnet, sillimanite and corundum, suggesting T > 900 C and P ¼ 0Á85-0Á95 GPa (Galli et al., 2011) . Such conditions are very close to our new estimates for the post-eclogitic granulite-facies metamorphism in the Duria rocks. Before our findings in the Duria area, the HT conditions attained in the Gruf Complex provided unique evidence for HT metamorphism in the Central Alps, in that case not clearly postdating a former HP event.
Srilankite in granulitized peridotites: a novel solution model in the ZrO 2 -TiO 2 system Srilankite is a very uncommon phase in peridotites. Magmatic srilankite has been reported in gabbroic veins cutting oceanic peridotites on the Southwest Indian Ridge (Morishita et al., 2004) , and srilankite inclusions in upper-mantle pyrope-rich garnet equilibrated at 1Á5-3Á0 GPa and 600-800 C have been found in xenoliths from the Navajo Volcanic Field on the Colorado Plateau (Wang et al., 1999) . Srilankite formed through reaction between ilmenite and baddeleyite has been reported also in mafic granulites from the Bergen Arcs in Western Norway equilibrated at P < 1 GPa and 800-850 C (Bingen et al., 2001 ). In the Duria peridotites, reactions between garnet and olivine produce during decompression usually orthopyroxene coronae on the olivine side and orthopyroxene þ clinopyroxene þ spinel symplectites on the garnet side. In sample A2C2, these coronae also contain srilankite in textural equilibrium with orthopyroxene ( Fig. 5b and d) . By using a novel baddeleyite (ZrO 2 )-rutile (TiO 2 ) solution model involving the intermediate compound srilankite (ZrTi 2 O 6 ), developed by integrating previous experimental data (see Materials and Methods, and the Appendix), we demonstrated that the assemblage srilankite þ orthopyroxene is stable relative to baddeleyite þ rutile þ olivine at HT conditions comparable with our estimates for the granulite facies characterizing the decompressional evolution of the Duria area. In particular, the calculated srilankite-in curve is weakly dependent on pressure, displaying a steep slope, and its position in the MgO-SiO 2 -ZrO 2 -TiO 2 system is not affected severely by the addition of CaO, Al 2 O 3 and relatively small amounts of iron. For olivine and orthopyroxene characterized by XMg values of 0Á90, similar to those measured in the Duria peridotites, srilankite is stable together with orthopyroxene, clinopyroxene and spinel for T > 810 C at 0Á9 GPa. Our results demonstrate that srilankite can be considered a mineral index for the granulite facies in peridotites. The rarity of srilankite occurrences in peridotites can be explained by the low abundance of Zr in this type of rock (e.g. Tumiati et al., 2007) , corresponding to no or very minor zircon occurring as an accessory phase and to very low Zr concentrations in the rock-forming minerals. Hermann et al. (2006) reported for Duria peridotites Zr concentrations of 24 ppm in garnet, higher if compared with the kelyphite-forming phases orthopyroxene (0Á11 ppm) and clinopyroxene (4Á9 ppm). Moreover, those researchers reported Hf concentrations of 0Á42 ppm in garnet, corresponding to a Hf/(Zr þ Hf) ratio of 0Á006. This value is concordant with Hf/(Zr þ Hf) ratios of 0Á003-0Á007 displayed by srilankite and baddeleyite reported in our study for sample A2C2 (Table 4) , where zircon in symplectite is characterized by a lower ratio of 0Á001. This argument suggests that srilankite growth is probably ascribable to the release of Zr during garnet kelyphitization, an element that could not be accommodated in the other kelyphite-forming minerals.
Sapphirine in granulitized peridotites and eclogites: local equilibrium modelling Sapphirine in garnet peridotites overprinted by HT metamorphism has been described only in few localities worldwide. Werling & Altherr (1991) briefly described sapphirine as a breakdown product of garnet in peridotites from the Variscan Vosges, characterized by decompression at elevated temperature of 720-1000 C (Altherr & Kalt, 1996) . Sapphirine is relatively more common in overprinted kyanite eclogites. Invariably, the appearance of sapphirine after kyanite is attributed to a low-pressure and high-temperature evolution from eclogite-facies to granulite-facies conditions. Zhang & Meng (2005) described Cambrian eclogites from the Bashiwake area of the south Altyn Tagh (Cina), where symplectites replacing kyanite contain sapphirine associated with corundum, spinel and Ca-rich plagioclase. Reaction textures and mineral compositions indicate that sapphirine-bearing symplectites formed at T ¼ 880-930 C and P ¼ 1Á2-1Á4 GPa through the reaction kyanite þ omphacite þ garnet ¼ sapphirine þ corundum þ plagioclase 6 spinel. Similar sapphirinebearing symplectites replacing kyanite in eclogites have been described from the Swedish Caledonides (Janá k et al., 2013) and in many Variscan units in Europe, for instance: (1) Armorican Massif, France (Godard & Mabit, 1998) ; (2) Bohemian Massif, Moldanubian zone, Austria (Carswell et al., 1989; O'Brien, 1997; Faryad et al., 2006) ; (3) Golfo Aranci, Sardinia, Italy (Giacomini et al., 2005; Franceschelli et al., 2007) ; (4) Lotru Metamorphic Suite, South Carpathians (S ab au et al., 2002); (5) Pohorje, Eastern Alps, Slovenia (Vrabec et al., 2012) . To understand the petrological processes controlling the formation of sapphirine-bearing symplectites in eclogites, Godard & Mabit (1998) performed a material transfer study demonstrating that the kyanite breakdown process is often not isochemical. Because micro-scale metasomatism leads to an exchange of components in the micro-domain surrounding a destabilizing kyanite grain, component mobility must be taken into account.
In the investigated Duria rocks, we observed sapphirine only in coronitic micro-domains adjacent to Al-rich phases; namely, garnet in peridotites and kyanite in eclogites. To address the local equilibrium in the observed symplectites, we calculated pseudosections for variable symplectite compositions. In particular, we modelled the effect on the phase stability of a local variation in Al concentration, justified by the low mobility and the 'inert' character of this component (Korzhinskii, 1959) . Because of the low mobility of Al, we preferred to express the compositional variable X as an extensive variable (weight amount of the component Al added to a reference composition), rather than an intensive variable (e.g. chemical potential of Al) (see also Tumiati et al., 2015) .
In peridotites, we demonstrated that sapphirine is stable at 850 C and 0Á9 GPa for the bulk composition of a symplectite replacing garnet developed along fractures. This composition (X ¼ 1 in Fig. 13b) , retrieved by image analysis, is enriched in Al (24Á25 wt % Al 2 O 3 ; Supplementary Data Table S2 ) and depleted in Fe compared with typical sapphirine-free kelyphites forming between garnet and olivine (Supplementary Data Table  S2 ; X ¼ 0 in Fig. 13b ). The local Al enrichment can be provided by high garnet/olivine ratios in the reacting minerals, which is consistent with the sapphirine occurrence in garnet fractures and/or the addition of Al from an external source [see equation (3)]. Actually, the occurrence of sapphirine in ultramafic rocks has been often interpreted as resulting from metasomatic processes induced both by fluids and melts (Walker & Collins, 1907; Monchoux, 1972; Janardhan & Leake, 1974; Janardhan & Shadakshara, 1982; Giovanardi et al., 2013) .
In kyanite eclogites, pseudosections indicate that sapphirine is not stable at 850 C and 0Á9 GPa for the bulk compositions of symplectitic micro-domains replacing former kyanite in contact with former omphacite (X ¼ 1 in Fig. 14a and b ). At these P-T-X conditions, spinel is the predicted Al-rich stable phase. However, the addition of the kyanite (Al 2 SiO 5 ) component expands the stability field of sapphirine, which becomes stable for > 15 wt % and > 4 wt % Al 2 SiO 5 component added to symplectites formed in type E eclogites and in type HAE eclogites, respectively. Therefore, we can argue that the presence of sapphirine reflects locally high Al contents, related to breakdown of kyanite and the low mobility of the Al component.
Thermodynamic modelling also predicts that corundum should never be stable in symplectites replacing kyanite at 850 C and 0Á9 GPa, even for massive addition of the component Al 2 SiO 5 . On the contrary, the stability of corundum is possible for a combination of high Al contents (>18 wt % added Al 2 SiO 5 in type E symplectites; > 9 wt % added Al 2 SiO 5 in type HAE symplectites) and relatively low temperatures < 780 C. These temperatures are intermediate between those estimated for the HP eclogite-facies metamorphism ($750 C) and for the HT granulite-facies metamorphism ($850 C). Therefore, the growth of corundum, invariably observed in the central part of pseudomorphs replacing kyanite, probably occurred along the decompressional path before reaching the granulite-facies peak.
Geodynamic consequences
Although new estimates for the eclogite-facies peak in the Duria area are broadly consistent with previous estimates for garnet peridotites (e.g. Nimis & Trommsdorff, 2001 ) and some eclogites cropping out in the Adula-Cima Lunga unit (Fig. 15) , the observed HT granulite-facies overprint post-dating the eclogite-facies stage has never been reported so far in the Central Alps. This evolution from eclogite-to granulite-or upper amphibolite-facies conditions is known from the orogenic evolution of the Variscan cycle. In particular, HT conditions have been attributed to Permian-Triassic igneous activity resulting from lithospheric thinning promoting the Tethyan ocean opening (e.g. Marotta & Spalla, 2007 , and references therein; Fig. 15 ).
$850
C, resulting in the development of coronitic microtextures and symplectites replacing eclogitefacies minerals. Index minerals of the granulite-facies metamorphism are srilankite and sapphirine in garnet peridotites, and sapphirine in kyanite eclogites. The metamorphic conditions and the petrological processes recorded by these rocks have been addressed by integrating conventional thermobarometry and advanced thermodynamic forward modelling. Thermodynamic modelling of the srilankite occurrence has been performed by developing a novel solid-solution model between baddeleyite and rutile, and by performing a material-transfer study using extensive properties (i.e. the amount of weakly mobile chemical components), rather than intensive properties (i.e. chemical potentials), which are suitable only for perfectly mobile components. The new P-T conditions estimated for the Duria rocks, and in particular the recognition of a posteclogitic temperature peak, suggest that a re-evaluation of the subduction-exhumation history and probably also of the age of the pressure-peak in the garnet peridotites and eclogites of the Central Alps is needed.
srilankite and rutile W(ru, sril). At the same time, we described the asymmetric miscibility gaps using the van Laar formalism (Holland & Powell, 2003) , using as first guesses the van Laar parameters describing the asymmetric calcite-dolomite and dolomite-magnesite solvi (Franzolin et al., 2011) . The experimental Zr and Ti contents in rutile and baddeleyite, respectively, reported by are perfectly reproduced at 2 GPa using W(ru, bdy) ¼ 36Á0 kJ mol Data Fig. S6 ). However, this minor flaw is not expected to affect the topology of the calculated chemographies and pseudosections shown in Fig. 12 .
